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The lifetime of the  posi t ive pion has been measured by a d i g i t a l  

timing technique for pions stopped i n  a plastic s c i n t i l l a t i o n  counter. 

Use of  t h i s  method has permitted improvement i n  precision by more than 

an order o f  magnitude over previous measurements.l 

The counter arrangement i s  shown i n  Fig. 1. Pions from t h e  

Carnegie Tech cyclotron were brought t o  rest i n  counter **IT" at  the  rate 

of 250/sec. 

separated from "II" by a th in  (0.0005") sheet of aluminized p las t ic .  

s izab le  f rac t ion  of  t h e  muons f r o m  pions decaying i n  counter "IT" 

(thickness 0.032 in.) penetrated in to  counter tipit. 

signal and the  muon decay signal occurred i n  d i f fe ren t  counters, permitting 

measurement o f t h e  t i m e  interval  f o r  each decay event by means of a 

100 Mc/sec d i g i t a l  time analyzer.2 

A second s c i n t i l l a t i o n  counter ( l'plt ) was op t i ca l ly  

A 

Thus t h e  pion s top  

Fast coincidence logic  (10 nsec resolution) provided a pion-stop 

signal l2& which opened the  gate of  t he  d i g i t a l  timer, and t h e  gate- 

closing s ignal  was then the  decay muon signature &. 

placed as close as possible t o  counter 'tl.r", and served t o  suppress 

Counter 5 was 



background due t o  beam pa r t i c l e s ,  and posi t rons f r o m  t h e  decay of 

stopping muons. 

n-u-e decays i n  which t h e  stopping pion opened t h e  timing ga te  and the  

positron closed it. 

Counter 5 a l s o  suppressed background a r i s ing  from 

A t o t a l  of approximately lo7   IT-^ decays were recorded. 

these ,  about 2.S x lo6 events with t i m e  i n t e rva l s  between 40 and 

250 nsec after the  pion s top s i g n a l  were used i n  t h e  analysis.  

The decay spectrum of  u-p events with lifetimes less than 40 nsec 

displayed anomalies r e l a t ed  t o  t h e  f i n i t e  resolving t i m e  of t h e  

c i r c u i t r y ,  and was not included i n  t h e  analysis .  

Of 

The d i g i t a l  t i m e r  included protective circuits which prevented 

s torage of events in which t w o  pions stopped within the maximum 

period of analysis  (4 vsec), as well as c i r c u i t s  t o  insure t h a t  

uncorrelated background presented a zero s lope at  a l l  input rates. 

Possible non-uniformity of channel widths was investigated i n  tests 

with uncorrelated start and s top s igna ls ,  confirming channel uni- 

formity t o  b e t t e r  than one par t  i n  1000. Analysis a l so  indicated 

zero s lope f o r  t he  random signals.  

Fif teen separate runs comprised t h e  experiment reported here. 

The t o t a l  pion amplitude i n  t h e  first 10 nsec-side channel analyzed 

was about lo6 counts. 

of which about 90% was a 2.2 vsec lifetime component, t he  remainder 

being "flat" background. 

posi t rons of  t he  n-v-e decay chain, and corresponded to events for 

which the  muons failed t o  r eg i s t e r  i n  t h e  counter ctvO, but the  

positrons did. 

After f i f t y  channels t he  ampl.itude was 5 x lo3, 

The 2.2 vsec background was produced by 



I 
Correction for the  background was made according t o  the  following 

considerations. 

only source of background positrons is muons stopping with the  pion 

beam as beam contamination. 

decay should increase with time f o r  a few pion mean lives. 

t o  measure these effects, and t h u s  ascertain the  time dis t r ibu t ion  

€or the background, two t*growthtt runs were taken. For these runs, 

counters * * ~ "  and 5 - i n  coincidence closed the  timing ga te ,  while the  

same 1 2 ~ c \ s  opened the gate. 

characteristic of a parent-to-radioactive daughter decay. 

"growth'' runs were then used t o  predict  t h e  shape of t h e  p-e back- 

ground under the  r-~1 decay curves, a f t e r  subtracting l i n e a r  back- 

ground f r o m  each. 

A t  t h e  ins tan t  of the  pion s top  s i g n a l  (t=O), the  

After t = 0, positrons from the  n-p-e 

In  order 

The time spectrum then took the  form 

These 

The r e s u l t i n g  n-p curves could then be f i t t e d  

by least squares analysis t o  a function of t he  form A e  - t / T  to 

obtain T, t he  lifetime of the  pion. 

analyzed separately.  

obtained, and the  chi-square value f o r  each run was a s  expected, 

when t h e  analysis of decay events s t a r t ed  a t  40 nsec or more after 

the  pion s top signal.  The weighted mean o f t h e  15 runs yields  t h e  

following value for the  m e a n  l i fe t ime of t h e  posi t ive pion: 

Each o f t h e  15 H - V  runs was 

Good statistical agreement among runs was 

T ~ +  = 26.01 f 0.02 nsec 

The uncertainty quoted is one statistical standard deviation. 

r e su l t  d i f f e r s  by two standard deviations f r o m  t h a t  quoted in reference 

1, but is  consistent with e a r l i e r  measurements quoted therein.  

This 

In  addition to ascertaining statistical consistency among runs 

and goodness of  functional fit (acceptable X2) f o r  each run, an important 



. .  

test of the data was t o  confirm tha t  the  mean lifetime obtained was 

insens i t ive  t o  the  choice of time in te rva ls  used i n  t h e  analysis. 

Fig. 2 is a plot  of pion lifetime against  early channel cut-off 

varied from 30 nsec t o  140 nsec, with la te  channel cut-off at 250 nsec 

i n  all cases. The data  show no non-s ta t i s t ica l  f luctuat ion of life- 

time over t h i s  range. 
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counters, t o  Mr. D. Makowiecki for assis tance with t h e  electronics ,  

and t o  Dr. R. Carrigan for valuable suggestions. 
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